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(57)Abstract: 

PURPOSE: To increase wiring efficiency of the layout of an 
integrated circuit, and provide a multilayered wiring method of 
an integrated circuit wherein wiring distance is short, by 
effectively using each wiring layer, in an integrated circuit 
wherein multilayered wiring is performed. 
CONSTITUTION: In the multilayered wiring method of an 
integrated circuit wherein (m) kinds of wiring layers LI, L2 
and L3 ((m) is three or larger positive integer) are formed, the 
main wiring directions of the (m) kinds of wiring layers LI, 
L2 and L are made different (n) kinds of wiring directions Rl , 
R2 and R ((n) is positive integer satisfying 3 m). 
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(54) [Title of the Invention] Method for multi-layer wiring of integrated circuits 



(57) [Abstract] 

[Object] The object [of the present invention] is to improve the wiring efficiency in integrated 
circuit layouts by using each wiring layer effectively in integrated circuits which utilize multi- 
layer wiring, and to provide a multi-layer wiring method for integrated circuits with short wiring 
distances. 

[Configuration] In a multi-layer wiring method for integrated circuits comprising m layers of 
wiring layers (where m is an integer, 3 or larger) LI, L2 and L3, the special feature is that the 
main wiring directions of the m layers of wiring layers LI, L2 and L3 are of n different types 
(where n is an integer, 3< n < m) of wiring directions Rl, R2, and R3. 
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[Claims] 

[Claim 1] A multi-layer wiring method for integrated circuits characterized in that, in a multi- 
layer wiring method for integrated circuits comprising m layers (where m is an integer, 3 or 
larger) of wiring layers (LI, L2 and L3), the main wiring directions of the above-mentioned m 
layers of wiring layers (LI, L2 and L3) are of n different types (where n is an integer, 3< n < m) 
of wiring directions (Rl, R2, and R3). 

[Claim 2] The multi-layer wiring method for integrated circuits described in Claim 1, 
characterized in that the above-mentioned n types of wiring directions (Rl, R2, and R3) intersect 
each other at equal angles. 

[Claim 3] The multi-layer wiring method for integrated circuits described in Claim 1 or Claim 2, 
characterized in that the above-mentioned integrated circuits are integrated circuits such as 
standard cells, gate arrays comprised of logic cells, etc. 

[Claim 4] The multi-layer wiring method for integrated circuits described in Claim 3, 
characterized in that the above-mentioned multi-layer wiring method for integrated circuits treats 
the above-mentioned logic cells or the terminals for the above-mentioned logic cells as grids, and 
is implemented using an isometric grid in which the spacing between said grids is equal. 

[Detailed Description of the Invention] 

[0001] 

[Field of Industrial Utilization] The present invention relates to methods for chip layout of 
integrated circuits. In particular, in integrated circuits which employ multi-layer wiring, it relates 
to multi-layer wiring methods for integrated circuits which enable improvement of wiring 
efficiency and shortening of wire distances by means of more effective use of each wiring layer. 

[0002] In the LSI's of recent years, due to the increased scale of chips accompanying higher 
degrees of integration, the trend toward multiple layers of wiring layers has progressed. 
Consequently, it is necessary to establish an efficient wiring method to suit the trend toward 
greater numbers of wiring layers. 

[0003] 

[Prior Art] In conventional semiconductor integrated circuits, layout is done using two 
directions, like X and Y which intersect at right angles, as the main wiring directions. Here, the 
main wiring directions refer to wiring directions that can basically be decided for each wiring 
layer, and the wiring direction of each wiring layer is not completely a single direction. In 
general, in some areas (such as areas where the wiring is congested) wiring may be run in a 
different direction. 
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[0004] In the case of 3-layer wiring, for example, as shown in Figure 5 (a) and (b), wiring 
directions Rl 1 and R12, in which the first layer LI 1 and the second layer L12 intersect at right 
angles, are made the main wiring directions. Furthermore, wiring directions R12 and Rl 1 are 
made main wiring directions for the second layer LI 2 and the third layer LI 3, so that they 
intersect at right angles. As a result, the first layer LI 1 and the third layer L13 have the same 
direction Rl 1, as their main wiring direction. In such a case, often the first layer LI 1 and the 
second layer L12 are used for the basic wiring, and the third layer L13 is used in an auxiliary role 
for areas that are congested. 

[0005] 

[Problems to Be Solved by the Invention] Consequently, in integrated circuits which employ 
conventional multi-layer wiring, there were the problems that the wiring in each wiring layer, 
especially in the third and later wiring layers, did not use said wiring layers effectively and that 
the wiring efficiency of layouts was poor. 

[0006] The present invention solves the above-mentioned problems. Its object is to improve the 
wiring efficiency in integrated circuit layouts by using each wiring layer effectively in integrated 
circuits which utilize multi-layer wiring, and to provide a multi-layer wiring method for 
integrated circuits with short wiring distances. -> - 

[0007] 

[Means of Solving the Problems] In order to solve the above-mentioned problems, the first 
feature of the multi-layer wiring method for integrated circuits of the present invention is such 
that in a multi-layer wiring method for integrated circuits having m layers (where m is an integer, 
3 or larger) of wiring layers LI, L2 and L3 as shown in Figure 1, the main wiring directions of 
the above-mentioned m layers of wiring layers LI, L2 and L3 are of n different types (where n is 
an integer, 3 < n < m) of wiring directions Rl, R2, and R3. 

[0008] Furthermore, the second feature of the multi-layer wiring method for integrated circuits 
of the present invention is that in the multi-layer wiring method for integrated circuits described 
in Claim 1, the above-mentioned n types of wiring directions Rl, R2, and R3 intersect each other 
at equal angles. 

[0009] Furthermore, the third feature of the multi-layer wiring method for integrated circuits of 
the present invention is that in the multi-layer wiring method for integrated circuits described in 
Claim 1 or Claim 2, the above-mentioned integrated circuits are integrated circuits that include 
logic cells, such as gate arrays, standard cells, etc. 

[0010] Moreover, the fourth feature of the multi-layer wiring method for integrated circuits of 
the present invention is that in the multi-layer wiring method for integrated circuits described in 
Claim 3, the above-mentioned multi-layer wiring method for integrated circuits treats the above- 
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mentioned logic cells or the terminals for the above-mentioned logic cells as grids and is 
implemented using an isometric grid in which the spacing between said grids is equal. 

[0011] 

[Operation] As shown in Figure 1, the first and second features of the multi-layer wiring method . 
for integrated circuits of the present invention are a multi-layer wiring method for integrated 
circuits having m layers (where m is an integer of 3 or more; m = 3 in Figure 1) of wiring layers 
LI, L2, and L3, in which the main wiring direction of each of the above-mentioned m layers of 
wiring layers is one of n different types (n is an integer such that 3<n<m;m = 3in Figure 1) of 
wiring directions designated Rl, R2, and R3. In the second feature of the multi-layer wiring 
method for integrated circuits, in particular, the n types of wiring directions, Rl, R2, and R3, are 
made to cross each other at equal angles. 

[0012] Furthermore, for the case of m = 5, n = 3, in an integrated circuit having five wiring 
layers LI through L5, the wiring will be such that the main wiring directions of the above- 
mentioned m wiring layers will each be designated as one of the three kinds of wiring directions 
as follows: Rl, R2, R3, Rl, and R2. 

[0013] Specifically, in Figure 1, wiring is employed which uses n wiring layers (first, second 
and third layers), LI, L2, and L3, with n types of wiring directions, Rl, R2 and R3, which cross 
at equal angles. As a result, each wiring layer can be used effectively, and the wiring efficiency 
of integrated circuit layout can be improved. Moreover, since diagonal wiring becomes possible, 
layouts with shorter wiring distances compared to those of conventional wiring can be achieved. 

[0014] Furthermore, the multi-layer wiring methods for integrated circuits which are the third 
and fourth features of the present invention treat the logic cells or the terminals of logic cells as 
grids for integrated circuits such as gate arrays and standard cells comprised of logic cells in 
systems employing CAD for layout, and wiring decisions can be made using isometric grids in 
which the spacing between said grids is equal. 

[0015] In this way, it is possible to achieve layout design automation and at the same time use 
each wiring layer effectively. Thus, the wiring efficiency in integrated circuit layout can be 
improved. 

[0016] 

[Embodiment] Next, an embodiment of the present invention is described based on the attached 
figures. 

Embodiment 1 

Figure 1 is a basic explanatory diagram showing a multi-layer wiring method for integrated 
circuits according to the first embodiment of the present invention. Figure 1 (a) is a solid figure, 
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while Figure 1 (b) is a plan view. The integrated circuit of the present embodiment is wired 
using three wiring layers. [This embodiment] assumes that the integrated circuit is a gate array 
or a standard cell comprised of logic cells. 

[0017] In the same figure, LI indicates the wiring of the first layer, L2 indicates the wiring of 
the second layer, and L3 indicates the wiring of the third layer; Rl indicates the main wiring 
direction of the first layer LI, R2 indicates the [main] wiring direction of the second layer L2, 
and R3 indicates the [main] wiring direction of the third layer L3. 

[0018] The multi-layer wiring method for integrated circuits of the present embodiment is 
implemented treating the logic cells or the terminals of logic cells as grids and using isometric 
grids in which the spacing between said grids is equal. Figure 2 (a) shows the isometric grid of 
the present embodiment. The wiring direction of each layer, Rl, R2, and R3, intersects each 
other at equal (60 degree) angles. 

[0019] Figure 2 (b) shows an example of the wiring which occurs in integrated circuits such as 
gate arrays or standard cells. "A" in the figure is a logic cell, and the configuration is such that 
12 logic cells make up a cell row "B," and [the integrated circuit] is composed of five such cell 
rows. Furthermore, the wiring direction Rl of the first layer LI is in a direction which is 
perpendicular to the cell row. 

[0020] In the same figure, the wiring between node Ml and node Nl is wired as follows: first 
layer wiring LI - second layer wiring L2 - third layer wiring L3 ~ second layer wiring L2 ~ first 
layer wiring LI. As for the wiring between node M2 and node N2, it is wired: first layer wiring 
LI ~ second layer wiring L2 ~ first layer wiring LI. Also, the isometric grid and wiring in the 
area near node Nl are shown in (c) of the same figure. 

[0021] In this way, with the multi-layer wiring method for integrated circuits of the present 
embodiment, the wiring is done using a first, second and third layer, LI, L2, and L3, each of 
whose wiring direction, Rl, R2, and R3, intersects at equal angles. Also, on the CAD system, 
wiring decisions are made using an isometric grid structural model which treats the logic cells or 
the terminals of logic cells as grids. As a result, each wiring layer can be used effectively, and 
wiring efficiency in the layout of integrated circuits can be improved. 

[0022] In the present embodiment, furthermore, because diagonal wiring becomes possible, it is 
possible to achieve layouts with shorter wiring distances compared to conventional wiring. 

Embodiment 2 

Figure 3 is an explanatory diagram showing a multi-layer wiring method for integrated circuits 
according to the second embodiment of the present invention. In this embodiment as well, 
wiring is done using three wiring layers, similar to that of the first embodiment (shown in Figure 
1). 
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[0023] Figure 3 (a) shows the isometric grid of the present embodiment. The respective wiring 
directions Rl, R2, and R3 of the first, second, and third layers, LI, L2, and L3, intersect each 
other at equal (60 degree) angles. 

[0024] Figure 3 (b) shows a wiring example for integrated circuits such as gate arrays and 
standard cells. The wiring direction R2 of the second layer L2 is the same direction as that of the 
cell row. In this figure, the wiring between node Ml and node Nl is wired as follows: first layer 
wiring LI ~ second layer wiring L2 - third layer wiring L3. Furthermore, the wiring between 
node M2 and node N2 is wired as follows: first layer wiring LI ~ second layer wiring L2 ~ first 
layer wiring LI. Moreover, (c) in the same figure shows the isometric grid and wiring in the area 
near nodeNl. 

[0025] In this way, in the multi-layer wiring method for integrated circuits according to the 
present embodiment, just as in the case of the first embodiment, effective use can be made of 
each wiring layer, and wiring efficiency in the layout of integrated circuits can be improved. In 
addition, because diagonal wiring becomes possible, layouts with shorter wiring distances 
compared to conventional wiring can be achieved. 

[0026] Furthermore, in the first and second embodiments, the orientation of the wiring direction 
Ri of the "i-th" layer Li with respect to the cell row is not limited to the above-mentioned 
description, and any kind of combination is acceptable. 

Embodiment 3 

Figure 4 is an explanatory diagram showing a multi-layer wiring method for integrated circuits 
according to the third embodiment of the present invention. 

[0027] In this figure, Rl indicates the main wiring direction of the first layer LI, R2 indicates 
the [main] wiring direction of the second layer L2, R3 indicates the [main] wiring direction of 
the third layer L3, and R4 indicates the [main] wiring direction of the fourth layer L4. 

[0028] The multi-layer wiring method for integrated circuits of the present embodiment is 
implemented treating the logic cells or the terminals of logic cells as grids and using a square 
grid as is conventionally done. Figure 4 (a) shows the square grid of the present embodiment. 
The wiring direction of each layer, Rl, R2, R3, and R4, intersects each other at equal (40 degree) 
angles. 

[0029] Figure 4 (b) shows an example of the wiring which occurs in integrated circuits such as 
gate arrays or standard cells. "A" in the figure is a logic cell, and the configuration is such that 
12 logic cells make up a cell row "B," and [the integrated circuit] is composed of five such cell ... 
rows. Furthermore, the wiring direction Rl of the first layer LI is in a direction which is " ' 
perpendicular to the cell row, while the wiring direction R2 of the second layer L2 is in the same 
direction as the cell row. 
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[0030] In the same figure, the wiring between node Ml and node Nl is wired as follows: first 
layer wiring LI ~ second layer wiring L2 - fourth layer wiring L4 ~ second layer wiring L2 - 
first layer wiring LI. Furthermore, the wiring between node M2 and node N2 is wired as 
follows: first layer wiring LI ~ second layer wiring L2 ~ third layer wiring L3 ~ second layer 
wiring L2 ~ first layer wiring LI. Moreover, the isometric grid and wiring in the area near node 
Nl are shown in (c) of the same figure. 

[0031] In this way, with the multi-layer wiring method for integrated circuits of the present 
embodiment, wiring is done using a first, second, third, and fourth wiring layer, LI, L2, L3, and 
L4, such that the wiring directions of each layer, Rl, R2, R3 and R4, intersect at equal angles. 
Furthermore, on the CAD system, wiring decisions are made using a square grid structural model 
which treats the logic cells or the terminals of logic cells as grids. As a result, each wiring layer 
can be used effectively, and wiring efficiency in the layout of integrated circuits can be 
improved. 

[0032] In addition, in the present embodiment, because diagonal wiring becomes possible, 
layouts with shorter wiring distances compared to conventional wiring can be achieved. 

[0033] 

[Effect of the Invention] As explained above, according to the present invention, wiring is done 
using m wiring layers which have n types of wiring directions which intersect at equal angles. 
Furthermore, on the CAD system, wiring decisions are made using a square grid structural model 
which treats the logic cells or the terminals of logic cells as grids. Consequently, each wiring 
layer can be used effectively, and wiring efficiency in the layout of integrated circuits can be 
improved. In addition, because diagonal wiring becomes possible, layouts with shorter wiring 
distances compared to conventional wiring can be achieved. As a result, wiring efficiency in 
integrated circuit layouts can be improved, and a multi-layer wiring method for integrated 
circuits with short wiring distances can be provided. 

[Brief Explanation of the Figures] 

[Figure 1] Figure 1 is a basic explanatory diagram showing a multi-layer wiring method for 
integrated circuits according to the first embodiment of the present invention. Figure 1 (a) is a 
solid figure, while Figure 1 (b) is a plan view. 

[Figure 2] Figure 2 is an explanatory diagram showing the multi-layer wiring method for 
integrated circuits according to the first embodiment. Figure 2 (a) is an explanatory diagram of 
the isometric grid. Figure 2 (b) shows a wiring example for integrated circuits such as gate 
arrays and standard cells. Figure 2 (c) is an explanatory diagram of the isometric grid and wiring 
in the area near node Nl. 

[Figure 3] Figure 3 is an explanatory diagram showing a multi-layer wiring method for 
integrated circuits according to the second embodiment of the present invention. Figure 3 (a) is 
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an explanatory diagram of an isometric grid, Figure 3 (b) shows a wiring example for integrated 
circuits, and Figure 3 (c) is an explanatory diagram of the isometric grid and wiring in the area 
near node Nl. 

[Figure 4] Figure 4 is an explanatory diagram showing a multi-layer wiring method for 
integrated circuits according to the third embodiment of the present invention. Figure 4 (a) is an 
explanatory diagram of a square grid, Figure 4 (b) shows a wiring example for integrated 
circuits, and Figure 4 (c) is an explanatory diagram of the isometric grid and wiring in the area 
near nodeNL 

[Figure 5] Figure 5 is a basic explanatory diagram of a conventional multi-layer wiring method 
for integrated circuits. Figure 5 (a) is a solid figure, while Figure 5 (b) is a plan view. 

[Explanation of Symbols] 

LI, L2, L3, L4... first, second, third and fourth layers (of wiring) 

Rl, R2, R3, R4... wiring directions of first, second, third and fourth layers 

A. .. logic cells 

B. .. cell row 

Ml, M2,N1,N2... nodes 
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(a) iLfem 




L2 




[Figure 1] 

Basic explanatory diagram of wiring method for integrated circuits 
according to first embodiment. 

(a) solid figure 

(b) plan view ,v/vU,,-ai; 
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(a) rWHM-tfW 
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[Figure 2] 

Explanatory diagram of wiring method for integrated circuits according to first embodiment. ) 

(a) Isometric grid 

(b) Wiring example for an integrated circuit 

(c) Grid and wiring in area of node Nl 
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[Figure 3] 

Explanatory diagram of wiring method for integrated circuits according to second embodiment. 

(a) Isometric grid 

(b) Wiring example for an integrated circuit 

(c) Grid and wiring in area of node Nl 
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(a) t-fiVW 





[Figure 4] 

Explanatory diagram of wiring method for integrated circuits according to third embodiment. 

(a) Square grid 

(b) Wiring example for an integrated circuit 

(c) Grid and wiring in area of node Nl 
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[Figure 5] 

Explanatory diagram of conventional multi-layer wiring. 



(a) solid figure 

(b) plan view 
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